Under well-established culture conditions, Pseudomonas reptilivora produced several antibiotics that have been purified by solvent extraction, chromatography in Sephadex G-25, electrophoresis, and paper chromatography in different solvent systems. Activity has been monitored at the different steps of isolation and purification by measurement of the inhibition of the growth of Staphylococcus aureus by the cylinder-plate method, as well as by bioautography of chromatograms and electropherograms. Three antibiotics have been isolated and named A, B1, and B2 .
A wide spectrum of antibiotic activity was observed when a bacterium identified as Pseudoinonas reptilivora was cultured under previously described conditions (3) . Among antibiotic-producing Pseudomonas species, no reference was found concerning the production of antibiotics by P. reptilivora. Accordingly, the culture conditions for production of the new antibiotic, its isolation and chemical properties, and conditions under which its synthesis is repressed were investigated. This paper describes the isolation, purification, and properties of the antibiotic substances from P. rej)tilivora culture broths.
MATERIALS AND METHODS
Culture conditions. Culture conditions were described in detail in a separate paper (3) .
Biological assay of antibiotic activity. To assay the activity in liquid media, the cylinder-plate method (7) was employed with Staphylococcus aureus ATCC 12600 grown in nutrient broth at pH 7.2 as the test organism. Plates were left in prediffusion for 6 hr at 28 C, and then were incubated at 37 C for 16 hr. cm wide and placed directly on Kluener plates (11) 30.5 cm long, 11 cm wide, and 2 cm deep. Plates were poured with nutrient agar to give a base layer over which a second layer of the same medium containing a suspension of S. aureus cells was added. Plates were incubated at 37 C for 16 hr, and the inhibition zone diameters were measured. The Karnovsky and Johnson paper squares method (10) was subsequently used.
Chemical assay of antibiotic activity. In fractionations through columns, the activity in the eluate was measured by means of the Folin-Ciocalteau reaction (13) . Direct recording of the ultraviolet absorption (280 nm) in a double-beam Perkin-Elmer spectrophotometer (model 124; quartz cells of 10-mm path length) was also used.
Spots on paper chromatograms and electropherograms were demonstrated under ultraviolet light at two wavelengths (254 and 360 nm).
Isolation and purification. As a result of exploratory experiments involving a variety of alternative treatments, purification was accomplished through the following steps.
(i) Extractions with solvents. Active culture broths were centrifuged at 15,000 X g for 15 (ii) Fractionation through Sephadex. The active substances extracted in the organic and water phases were fractionated by column gel filtration (4.5 by 45 cm) with the use of Sephadex G-25 "superfine." Elution was carried out with distilled water. Fractions of 5 ml were collected, and the active fractions were concentrated to a small volume (1 ml).
(Oii) Preparative electrophoresis. Electrophoresis was carried out at pH 6.5 in a buffer of pyridineacetic acid-water (25:1:475) with 350 v for 3.25 hr. A V-inverted electrophoretic tank able to fit Whatman 3MM paper strips 31 by 30 cm was used. The extracts obtained after gel filtration were assayed, and the active fractions were eluted from the paper and concentrated in vacuo to a small volume.
(iv) Preparative chromatography. The active substances obtained by electrophoresis were chromatographed on Whatman 3MM paper with n-butanolacetic acid-water (12:3:5) for 24 hr by the ascending technique. Active zones were eluted and concentrated in vacuo to a small volume.
(v) Crystallization of antibiotic B1. Antibiotic B1 was crystallized from water solutions by concentrating to near saturation at room temperature, thus promoting a slow crystallization at 4 C.
Physicochemical and structural properties. Infrared spectra were recorded on a Perkin-Elmer spectrophotometer (model 457) by means of the KBr disc technique. Visible-ultraviolet absorption spectra were measured in a double-beam Perkin-Elmer spectrophotometer (model 124) with quartz cells of 10-mm path length.
Color reactions. Different reactions were tested with the purified active fractions and hydrolysis products, by use of the spot test technique on Schleicher & Schull 2043b paper. Hydrolysis was done with 1 N H2SO4 by reflux boiling for 2 hr followed by neutralization with Ba(OH)2. The following reactions were carried out: (i) sugar lactones and esters, with hydroxylamine hydrochloride and FeCl3 (1) ; (ii) carbonyl groups, with 2,4-dinitrophenylhydrazine (14) ; (iii) amine groups and amino acids, with ninhydrin (17); (iv) quaternary ammonium compounds, with bismuth subnitrate and KI (5); (v) sugars, with aniline hydrogen phthalate (t5); (vi) reducing groups with alkaline permanganate (12) and with AgNO3, (18) ; (vii) reaction with iodine vapors (6); (viii) phenols, with ferric-ferricyanide (2); (ix) phosphoric groups, with perchloric-hydrochloric-molybdate (8) .
Chromatographic assays. Sugars were investigated in the products of hydrolysis of the active substances by use of the following solvent systems: ni-butanol- 
RESULTS
Previous assays showed that the fractionation of the active broth through Sephadex G-25 gave two peaks ( Fig. 1 ) with antibiotic activity (substances A and B). By extraction at pH 9 to 10 with ethyl acetate, it was found that B is soluble in the organic solvent whereas A remains in the water phase. From this phase, A can be reextracted with n-butanol at pH 3 to 4.
Two active fractions, B1 and B2, were obtained when B was analyzed by electrophoresis at pH 6.5. The RF value of B, was smaller than that of B2. By ascending chromatography in n-butanolacetic acid-water (12:3:5), B1 and B2 were located near the solvent front, being separated from some impurities visible when the chromatogram was observed under ultraviolet light. All of the impurities were removed when spots were eluted and new chromatography was carried out.
The whole purification process is summarized in Fig. 2 .
The activity B1 was crystallized from its water solution. Figure 3 shows a photomicrograph of the crystals obtained, and The infrared absorption spectrum of crystallized antibiotic B1 is shown in Fig. 4 . The crystals melted at 143 C with decomposition. Heat stability assays of A, B,, and B2 activities showed that all of the products were thermostable at pH 7. At pH 2, they were completely inactivated. Antibiotic A was thermostable at pH 10, whereas B1 and B2 activities, under the same conditions, lost approximately 50% of their initial activity.
The tests of stability showed that the three antibiotics are most stable in the range of pH 7 to 9. At acid pH values, the lower pH resulted in greater instability. However, at pH 2, complete inactivation of all of the activities took place only after 16 days (B1 and B2) and 30 days (A). DISCUSSION Among the three active substances (A, B2, and B2) isolated from the culture media of P. reptilivora, only B1 has thus far been crystallized and studied in detail.
According to the results on Sephadex G-25, the molecular weight of A is higher than that of B.
B1 and B2 have a different ionic character: B, is neutral and B2 has basic properties as evidenced by its higher RF on electrophoresis. The color reactions seem to indicate that both substances have a quite strong reducing capability and a similar chemical composition. These results suggested that several sugar residues-possibly xylose, arabinose, and glucose, as found by chromatographic assays-are linked to an aglyconic fraction of phenolic nature, according to positive ferric chloride-ferricyanide and Folin reactions. However, the infrared spectrum of crystallized B, demonstrated that the functional groups detected by the chemical reactions were not the main components of B1.
The infrared spectrum showed that B, is a structurally symmetrical compound that probably has a low molecular weight as indicated by the few bands below 1,300 cm-l. The B, compound exhibited unsaturation either of modified C==N bonds by interaction with other groups or of C==S bonds linked to the nitrogen atom ("-N-C-=S" system) detected by the intense band at 1,580 cm-l. It also showed the presence of groups CH and CH3 (3,060 to 3,000 and 3,000 to 2,800 cm-l, respectively). Sugar residues must be in a very small proportion as shown by the weak absorption between 1,100 and 1,000 cm-'.
Although its hygroscopicity masked the region at 3,400 cm-', making difficult the detection of possible OH phenolic groups, the proportion of these is probably very small, since very weak bands, probably attributable to aromatic residues, were present at 800 to 650 cm-l. (Fig. 5) . Figure 6 illustrates the infrared absorption spectrum of YC 73 taken from the paper of Egawa et al. In another recent paper, Itoh et al. (9) 
